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•  Renul  blood  ?'ow  was  elevated  In  convalescent  burn  patients  shortly 
before  dischar.  •  (992±112  mL/mln/sq  m  In  burn  patients  vs  S51±37 
mL/min/sq  m  In  normal  subjects;  mean±SE).  Autopsy  studies  demonstrated 
that  renal  enlargement  was  a  constant  feature  of  patients  after  a  prolonged 
hospital  course;  the  kidneys  of  28  patients  who  died  after  60  days  of 
hospitalization  weighed  241±10  g  vs  153±8  g  In  control  subjects.  The 
increase  in  renal  weight  was  primarily  related  to  cellular  hypertrophy  and 
hyperplasia.  These  physiological  and  morphological  findings  In  thormally 
Injured  patients  may  be  a  form  of  renal  work  hypertrophy  following  increased 
protein  catabolism  accompanying  severe  Injury. 

(JAMA  244:1588-1590,  1980) 


FOLLOWING  extensive  thermal  in¬ 
jury  and  successful  resuscitation,  car¬ 
diac  output  rises,  and  this  increase  is 
associated  in  time  with  an  elevation 
in  metabolic  rate.1  The  increase  in 
blood  flow  is  related  to  the  size  of  the 
burn  wound;  the  cardiac  index  may 
reach  levels  two  to  three  times  nor¬ 
mal.’  Although  much  of  the  addition¬ 
al  circulation  is  directed  to  the  burn 
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wound,  other  organs,  including  the 
kidneys  and  liver,  increase  flow 
requirements  in  response  to  metabol¬ 
ic  and  physiological  demands  of 
extensive  injury.’  We  found  that 
increased  renal  blood  flow  persists 
into  the  convalescent  phase  of  injury, 
after  the  burn  wound  has  completely 
healed,  and  is  associated  with  strik¬ 
ing  renal  enlargement. 

SUBJECTS  AI.D  METHODS 

Renal  Blood  Flow  Measurements 

Renal  plasma  flow  was  estimated  by  the 
clearance  of  aminohippurate  with  the  use 
of  the  continuous  infusion  technique/  All 
studies  took  place  in  the  early  morning  in 
well-hydrated,  postabsorptive  subjects. 
Two  peripheral  venous  catheters  were 
inserted.  An  appropriate  priming  dose  of 
aminohippurate,  3  mg/kg,  was  given,  and 
a  constant  infusion  of  the  test  solution 


initiated  through  one  catheter.  From  expe¬ 
rience,  infusate  concentration  and  pump 
speed  were  selected  to  maintain  venous 
plasma  levels  of  aminohippurate  below  2 
mg/dL  (usual  infusion  rate,  10  to  12 
mg/min).  After  at  least  30  minutes  of 
constant  infusion,  the  subject  emptied  his 
bladder.  Serial  venous  blood  samples  and 
carefully  timed  urine  specimens  were  col¬ 
lected  every  ten  to  15  minutes  for  three  to 
five  consecutive  periods.  All  samples  were 
immediately  refrigerated  after  each  col¬ 
lection.  After  completion  of  each  study, 
urine  and  plasma  aminohippurate  concen¬ 
trations  were  measured  spectrophotomet- 
rically.  Mean  aminohippurate  clearance 
was  then  determined  and  renal  blood  flow 
calculated  from  the  measured  hematocrit 
value  (mean  in  controls,  41%;  mean  in 
patients,  41% )  and  by  assuming  a  normal 
aminohippurate  extraction  ratio  of  0.91. 
This  assumption  was  confirmed  in  three 
selected  patients  by  renal  vein  catheteriza¬ 
tion.  Body  surface  area  was  determined 
from  height  and  weight.  Renal  blood  flow 
was  expressed  in  millimeters  per  minute 
per  square  meter  of  body  surface. 

Subjects 

Renal  blood  flow  was  measured  in  five 
healthy  control  subjects  (average  age,  30 
years;  range,  20  to  39  years)  and  in  seven 
convalescing  burn  patients  (average  age, 
27  years;  range,  19  to  49  years).  The 
patients  had  sustained  an  average  total 
body  surface  area  burn  of  39%  (range, 
24.5%  to  61%)  approximately  90  days 


1588 


Oct  3,  1980— Vol  244,  No.  14 


Renal  Size  in  Burn  Patients— Goodwin  et  al 

81  4  6  2  46 


(range,  71  to  112  days)  before  study.  All 
patients  were  studied  just  before  dis¬ 
charge  from  the  hospital,  when  their 
wounds  were  completely  healed  and  when 
they  were  afebrile  without  evidence  of 
infection  or  bacteremia  over  the  preceding 
month. 

Autopsy  Strict 

For  a  60-consecutive-month  period,  the 
autopsy  records  of  patients  dying  less  than 
48  hours  or  more  than  60  days  after  burn 
injury  were  examined  (autopsy  rate,  91% 
of  all  deaths). 

Student's  I  test  for  unpaired  data  was 
used  for  statistical  analysis. 

RESULTS 

Renal  blood  flow  in  normal  subjects 
was  551+37  mL/min/sq  m  (mean+SE) 
and  was  elevated  in  the  convalescent 
patients  to  992+112  mL/min/sq  m 
(P<.001 ). 

The  mean  kidney  weight  of  38 
patients  dying  within  48  hours  of 
injury  was  153+8  g,  well  within  the 
weight  range  of  histologically  normal 
kidneys  from  a  large  autopsy  series.' 
The  mean  kidney  weight  of  28 
patients  dying  60  days  or  more  after 
burn  injury  was  241+10  g  (P<.001). 
Microscopic  examination  of  kidneys 
from  patients  dying  early  demon¬ 
strated  vascular  congestion,  engorge¬ 
ment,  and  edema  in  approximately 
half  the  patients,  and  in  a  few  showed 
early  tubular  swelling  or  hemoglobin 
casts.  In  patients  dying  after  pro¬ 
longed  hospitalization,  the  major 
mic.oscopic  features  were  cellular 
hypertrophy  and  hyperplasia.  Inter¬ 
stitial  edema  was  not  a  prominent 
feature,  even  in  those  two  patients 
who  had  microscopic  findings  of  acute 
tubular  necrosis.  No  other  postinjury 
renal  pathology  was  noted  in  the 
patients  dying  60  days  or  more  after 
injury. 

COMMENT 

Renal  blood  flow,  measured  shortly 
before  hospital  discharge,  was  ele¬ 
vated  in  healed  convalescent  burn 
patients.  Our  flow  studies  were  con¬ 
ducted  over  approximately  the  same 
postburn  period  as  that  covered  by 
the  autopsy  series.  Although  not  mea¬ 
sured  in  the  same  patient  population, 
the  increased  renal  blood  flow  may 
have  been  related  to  the  increase  in 
renal  mass.  Radiological  studies  in 
additional  convalescent  patients  have 
suggested  that  increased  kidney  size 


is  a  common  finding  in  these  persons 
with  an  extensive  injury  ard  a  pro¬ 
longed  hospital  course.  The  increased 
flow  may  be  required  to  support  the 
increased  renal  cell  mass  in  these 
patients. 

The  autopsy  series  in  our  study 
demonstrated  that  increased  kidney 
size  occurs  in  burn  patients  during 
the  chronic  phase  of  their  injuries 
(Figure).  This  enlargement,  which  is 
characterized  by  hype  trophy  and 
hyperplasia,  was  noted  not  only  in 
patients  dying  after  a  prolonged  com¬ 
plicated  clinical  course  but  also  in 
nearly  healed  patients  who  died  of  the 


unanticipated  complications  of  acute 
myocardial  infarction  and  pulmonary 
embolism.  Because  of  the  prolonged 
and  complicated  clinical  course,  two 
patients  demonstrated  interstitial 
edema  and  tubular  necrosis.  However, 
histological  examination  did  not  show 
the  presence  of  amyloid  deposits  or 
other  infiltrative  processes  that  could 
account  for  the  increase  in  renal 
weight.  Thus,  the  difference  in  weight 
between  the  two  groups  of  patients  is 
most  likely  due  to  chronic  increases  in 
renal  cellular  mass  induced  by  large, 
slow-healing  thermal  injury. 

An  increase  in  renal  size  has  been 


Kidneys  ol  patient  who  died  on  second  day  after  burn  (top;  weight,  120  g)  compared  with 
those  ol  patient  who  died  6f  days  after  burn  (bottom;  weight,  420  g).  Photographs  were 
taken  from  same  distance. 
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associated  with  a  number  of  patho¬ 
logical  processes.  It  occurs  in  chronic 
alcoholics  with  cirrhosis  and  fatty 
metamorphosis  of  the  liver.*  Renal 
enlargement  is  proportional  to  the 
extent  of  liver  enlargement  in  these 
patients,  and  the  added  tissue  mass  is 
due  to  marked  cellular  hyperplasia 
and  hypertrophy,  with  enlargement 
of  glomerular  diameter.  Compensato¬ 
ry  growth  of  the  remaining  kidney 
follows  unilateral  nephrectomy.’  Al¬ 
though  protein  and  RNA  synthesis 
increases  within  a  day  or  two  of 
unilateral  nephrectomy,  visible  en¬ 
largement  requires  several  weeks. 
Histologically,  the  majority  of  the 
increase  in  renal  mass  is  due  to 
hypertrophy,  and  glomeruli  increase 
in  size  but  not  in  number.  Tubular 
cells,  however,  do  become  hyperplas¬ 
tic  and  account  for  approximately  one 
fourth  of  the  increased  renal  mass. 
Although  subject  to  species  differ¬ 
ences,  glomerular  filtration  rate,  tu¬ 
bular  reabsorption  of  sodium,  and 
effective  renal  plasma  flow  generally 
increase  rapidly  after  unilateral  ne¬ 
phrectomy. 
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The  stimulus  for  increased  renal 
perfusion  and  kidney  size  in  convales¬ 
cent  burn  patients  is  not  known. 
Associated  with  the  circulatory  and 
metabolic  changes  that  follow  severe 
thermal  burns,  glomerular  filtration, 
renal  blood  flow,  and  renal  oxygen 
consumption  increase  two  to  three 
times  above  normal  values.'"  Hyper¬ 
metabolism  induced  by  cold  stress  in 
certain  animal  models  is  accompanied 
by  kidney  enlargement."  One  explana¬ 
tion  for  this  elevated  renal  mass  and 
perfusion  in  burn  patients  is  the 
increased  metabolic  work  required  to 
excrete  the  large  sodium  load  or  end 
products  of  protein  catabolism.  Mas¬ 
sive  sodium  loads,  up  to  5,000  mEq, 
are  usually  required  to  resuscitate  a 
patient  with  a  large  thermal  burn. 
Renal  hypertrophy  can  lie  produced  in 
experimental  animals  by  prolonged 
intake  of  sodium-containing  fluid.'* 
The  increased  caloric  support  re¬ 
quired  to  maintain  body  weight  and 
to  promote  healing  of  the  burn  wound 
may  impow  additional  burdens  on  the 
kidneys.  Nitrogen  excretion  may  sur¬ 
pass  30  g/day  in  young  adult  patients 


receiving  large  quantities  of  dietary 
nitrogen  and  carbohydrate.  Studies  in 
experimental  animals  have  demon¬ 
strated  increased  renal  mass  when 
large  quantities  of  protein  were  added 
to  the  diet."  Parenteral  nutrition 
with  the  infusion  of  hypertonic  glu¬ 
cose,  amino  acids,  and  fat  emulsion  is 
also  associated  with  increased  kidney 
size.'  Hyperinsulinemia  arising  from 
carbohydrate  administration  and  ele¬ 
vated  levels  of  growth  hormone"  may 
also  he  related  to  the  increased  renal 
cell  mass  in  our  patients. 

Although  our  patients  were  main¬ 
tained  on  high-calorie,  high-protein 
diets  throughout  most  of  their  hospi¬ 
talizations,  the  total  amount  of  these 
nutrients  gradually  decreased  as  the 
burn  wound  was  covered  and  weight 
gain  occurred.  Nevertheless,  the  in¬ 
creased  renal  blood  flow  [lersisted 
after  completion  of  wound  closure, 
when  the  patients  were  receiving  nor¬ 
mal  diets.  Since  all  bloodstream  cul¬ 
tures  were  sterile,  elevated  renal  per¬ 
fusion  was  not  related  to  bacteremia 
or  circulating  pyrogens,  stimuli 
known  to  increase  renal  perfusion.14 
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